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An enporinontt ..1 i^/cntifution tiuo nr.do to dabotriiino tho vcriu- 
tion of s' lock alinpo and ertont oi subsonic rociosn behind the cuoc 
TjQve with anr;lc of attack for a 70° cone at various iaah nunberg. T '10 
main interest tjog centered on those Ltxch nirhboro which produced detach- 
ed chock waves or for which tho pocaibilit,. f of detaclricnt ev cavjlo of 
attack osistod. 

The toots ware conducted in tlxo (IMi’TT 2. 5 r Suporo^'.io • in 1 f emol 
at angles of* attack of 0°, 5°, 6°, 9°, 12°, and 13° and lach ivnbaro 
of 1.453, 1.544, 1.504, 1.357, 1.90b, and 5.01. 

It woo found that, with inorcasin : an^lo of attack end constant 
SJaoh n sabor, the subsonic roe ion bohind tho shock tvuvo Inoroaoed in t?ic 
lower portion and decreased in tbn upper portion. TTith increasin'" * act 
ntribor t!io subsonic recicn deorooood for all armies of at itadk. inter- 
action iotroo'i tho upper and lov er portions of tho shock vr-Vs affects 
tlie subsonic region behind <}'£> vavo, on n*osai>\ its appearance er 1 bhjo 
upper surface, rctordinc its dioapocwrv.oe frai tho laTor ourf -cc. 
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•TT; *,r 

tboorctieal inq'iiry into the flow? ofomd a colid oa o < r *h • 
ei^lo of attack novln.' rrltb a velocity creator than that of aound, 
has not adrcnood to a point reherc tlo behavior of th.o c!too> mvoo can 
>o predicted c.o the eono en^lo of attack is varied. o a natter of 
fact, orly tr?o cases hive oo fur deal found v?here the notion of a 
L ua at ouneroonic snood in tl\roo-dinonoiono can, ^rithout objoctionn )Zo 
o inplif ioation bo discussed mthasntioally* tlm radial outaard flar 
nroduood by a toifornly o^par.dinr ephorof and the fla? around a solid 
©on© at eoro an^lo of attao?r. 

Previous Investigations, (ff. Ref. 1 and 2 J § have covered detuo ice 
ebook chapes, pressure distribution on cone surface, and bach : v.mcro 
b©’\ind tbo a ’nock for corresponding oonoo and H ach n:xa )ors at eoro un,;lo 
of attack. 

The intent of this investigation was to detomin o cxsrporinontally 
tie shape of t]» shock \xxo and associated ©3xiractori sties oanecd by 
t'» nroconco of a finite cono at various anglos of attack in supersonic 
floe?. The detached ebooks end thee® attached slacks, where there woo 
a possibility of dotaetneni occurring; at ancle of at Inc?', rroro of 
pr inary concern. /. loo of bfc'iao internet tvos the subsonic flew? rollon 
behind the elioofc. One eot of nr cosier o noaoarervontc at the onrfaco of 
tho cone mo taken at a r heh uroor of 1.504 for anr lo o" attack of 
soro and twolva do^rooo. 



7i. /;.n p c* 

o .^odolc xiQ . for w do i.vcttjt i^ution were mehiacd fra". orasa, 
r/3 ii» diameter •:.:<? 'ad a eono an^lo of 70°. kix cone models wcr© 
used durin. Vo e outdo of tbo investigation, each with a pressure 
orifice leoatod on the conical efface at; var^, in^ distances fr^o tlo 
nose# sketch of the cone lodol with dinenoioi'fl and location of 
orifieofl is shewn in ?i*> 1. All six eono models were identical 
except for V*? location of the pressure orifice. 

The Ltveotig&tior wco curried out ir tho U'-IAl T f.G r Supersonic 
Tind Tunnel, (Cf. Ref. S y . Tho model wis supported by a etin^ which 
oould >o varied in ar^lc of attack fren -5° to *15°, but could noo 
b© var ? in yaw. flexible nogLlo, (Cf. Ref. 1>, was ucod for ’..iuc> ■. 
nuaboro of 1.430, 1.544, and 1.657. Tor hach rcedbora of 1.53d, i.XC, 
a^d S. r l fixed nteel nos do blocks ncro usod. In tho oaco of tho 
flexible nocrlo, tho noaslc ohapos ttoto detemined by Puckott’c bet hod, 
(Cf. Rof. 4;. 

Calibration of t^e teat section uea number xtclg accomplished \rj 
a static proesuro s’firvqy alone tho noEclo center lino in collection 
with a reference static pressure taken at the test aootion T k «all. Tho 
centerline survey me nude jy moans of a 0.065 n outoido diameter tubir^; 
with, a static orifice. Tho tubir^ uer> fixed with respect to r^orieentaX 
and vertical neva 2 o?it but was capable of axial novanont. In order to 



o21?lmto t\io noasvjrcucnt of snail chong oo in low prooourc, taker* alar^ 
t’io a outer line of t-'e toot section, ogainot relatively high uta^ornnerio 
pressure, t* o tost section a enter lino static pressure mo necu3urod 
against t o reference otatic pros goto. ?ho rofaronoo pressure mo also 
Honoured a;p. i’lflt atuoophorie pros sure 3 to, by subtracting the differ- 
onco botrvoon rof oronoo and centerline proeoitroo frera the reference 
prccG arc, tho e outer lino otatio preonuro mo obtained* 

Tho nodol 1 8 ecro anr.lo of attack was datorainod in t ? o follaring 
m"£ner. ith the nodd orifice on top, pressure readings vjero trken 
at several angles of attack* The nodcl orifice me then craltehod to 
the botten and preaouro readings t^oto taken at the ouho angloo of 
attack* A plot 7300 then mdo of pressure roadies versus anglo of 
attack. fero angle of attack ic given by the intersection of the q-tvoo 
for tiv) orifioo on top and the or if ico on the batten* 

Dur ir\ all toots the relative henidity of the t'nuol xrosi hold rrith- 
In *02 to *04 pore on t Xjj a oiliaa-gol dryer in tho turn el circuit* 
Pollorrin,;; the calibration of t\w toot section i- r ach nin’xsr and 
nodol angle of attack tlio florr field around tho nodol , at angles of 
attack fron 0° to 15° in 8° incrcno?rfco , ms p!^otographod by noons of 
sc T iliorcn apparatus. 

• proosure G'irtej of the cone surface mo taken at a ?’ach number 
of 1.304 for angloe of attack of 0° and 12°, (Cf. Pip, 27 j. 



'1 

T ? :o n oal v.rtro .x&to r:o in d.Y-.c o * li'on fu>. \ cro o ■ <> 1 

o follnf, \ , a 'or, *ho r.o, ;f /' Ivoo o r vj GC'.dior^n r/ .oho. »i 
v.iTo •••"o.jno'-.od o»“» moh xvoor ■r“ i »ort"'3 o:' ' ohoho^trilar r M . ^ 
n oto-cf I r ,ok* r..dj lobod 50 that h’io dxL^iauor of tic jdol :o-l 
cvy i.l .0 ; Y/ of or.u on tlio s ©looted canlo, and t *> c oe : \,avo 
xittom tjvg traced or, pra> . ..r.^or* f *o s .ock W'.vo x *• homo for 
several ar^loo of attack, for qro particular Stock n*.x?bcr # OT'c o';]xp« 
imposed on th© can© chocrfc. This procedure was follaxod for all 
nuabero* The cano prooodurc xms alco followed in obtaining tno 
shook wave pnttome for all fach nm’)ors at a particular un^lo of 
attnds# Thcoo tracings rare used to obtain tlio final dinonsiouloGfl 
curves* By ugo of thio method it roe iojJod to mininico. In 00 far 
ao possible, erroro associated with transcribing the sljock vjave 
patterns to disaeneionlooo oocsrdluiutoe. 



r r Y) principal roau Xta are ;:roeontod aa dinoncionloGe plate o< 
t o e oc°- T7t vr» avfctorna plottod relative to the cone asrio rahN* 1 tiie: 
to t'io fler* direotio! • The ^irst eoriea of plots arc at constant hac 
n'Jibcre rrit’.' r... . lo oi cttrick varying, \Cf. p ige» £ to 1 &j» T'^c boct^' 
acrico aro at conofeife as^’lo of attack trlth Moah nn )orc vc r, u\ , {'T . 
Figs. 15 to 25 >• A t'-ird nob 7 x>d of presenting tbo roo Ito ic v t.. 1l - 
tiou of ti.o looal Mach nrrabor d iroetly bo'dnd the of. oak in tlio oa>8orae 
ronton for each 'Inch nunibor and a:; lo of attack, (Cf. Thhloc .. to VT j, 
Frcn those tahlos , tho position at which tihc Isaoh number bo T iind the 
sliook tjave becomes sonic and the nooition of tho norrxil shod: mo obbai; > 
od. fills data t«g Indicated an th© shock mvo plots, tr cro those points 
iTcro of In tor cot. 

A eiirfaco proas uro sirvoy me taken cr<rar both upper and leewr cono 
surfaces at a tiach nunber of 1.506 for angles of attack of 0° and If 0 , 
(Cf. Fig. 1 and Pic. 27 > 

Fig. 2 definoe the Gyssfeolo vised in the grapliioal ar«j ta'Tilar x*e- 
contrition of tho results. 

Tb© dinonoionlooa fom of tlx? shook mv© patterns mo o'lti-nVioc 1 ^ 
uoirg, tho cono dimeter ao tho olx.racteriotio dinonsicru hiirticiilar 
attention ms given in obtaining tho shock wuvo pattern n tape net r t?i© 
noeo of the oonof sinco, in tho oaso of varying angle of attach a-td 



ecrarCx re " r yt 9 V* * j r. -j*.. p r- a" the c T r 'v 

^Q f o 4.. -••;^ c ror" n oD* 

T o ff ' r ^'Vr '*? for '"patent tir % '?rM rf 7 X~ tkf close 

to *V> nose o rt r^nr' < W- r T "Oc"x: do ^c* t t.vc c * * . iTo^ o t*o„ ~Vfcr 
ne'nl i^oro .0: t? in "rspio of r^'ro!.; an ^ ^ vertir. 1 r , ictnnr r ' fron 
* Tn o noeo of +* T, o ncr.c irx" .^.acr +N* Gjprea'f brccn.er rof~ , ilr'.r. T*- ic nlc© 
clairl; chav. tMt t-f/h' inercacin ; r, .*ylr> attack tbn choc!: trvro 

-t'J-/:cr- 0 necoeictec? rrlth tho ,ipoor &'rf\'co tho ccno otraipWicn and 
pq*];^ attached shook character latino, *•<• , no subsonic gone br'iind 
d v>ckj -r’-ilo t r 00 'p associated rrith b 'c loe-or o r\' v or ircrrr.oo ir e\ir« 
v.irro f-od r* nr '.no fotacko* c bare ctorirt Icg , ? .o. f c subsonic ga c 
>0' le - 1 shock. This io noro rla-rly bron'f't art by the >.ch reisbnr 
c ire;; directin' ?x*bir*d k T X’ shook. 

f*ic *.** riatben of oboe!: 0^ ore vlth *acb rwnibnr ct constev-t c-r^lo 
of attack aro a crocs -pi at of the ivorbouoly discuso© d curves. Tt io 
clearly indicated t<\at although th.o loner portion of the o’^oclr yjcatoo 
• rad mlly o. tin^e their e^iiracturiot ..cs fron attootod to detachers, 
t ? 000 shoe's initially attncj'od to the nose of the ccmo apmrrrtly 
rax.in attached and uhooo initio. 12 $ detached ratlin detached. 

Dio : ac nmlxr directly behind tV ; crook ravo at any point 
dotefnip.or fren tk^diinerviot^il oblieue oboe*: theory Irj noac.irir*- o'^jo 
a-'v’,lo hc-teofT^. <*’\c- g’ lock v-evo anc tho f la/ dircctiai, (Cf. Tabica Z to 
7i ;• 
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* t 0° Q?\ r jXo of attack too c 'con.lo gone •cas oymctriocil T rih 
r©srx)ct to *. - con- cxis* For incrc*J3iny a T \;lc of attack, o.t eor-at* 
wo.ch -"n er, t ;ho subsonic rofior> iroraacod in tho XavTor and doer ex- 3 od 
in the iropfsr oortion of th© flew, the rato of doemcc bei ny faster? 
than the rnto of increase. For constant anylo of attest aryl var, 1% \ 
hack author, tho c jccnie ccno dacroiooo in both the lanes' and *>^x>r 
portions of the lew. 

Tho Taylor-??aoooll Theory For conical shocks, (ff. "of. 5>, . xr 
’to used hero as a basis of comparison, if it is ooounodt 

1. Tliab tho upper and Xotot surfaces of the cone nay ee 
co-'flidorod separately. 

2. That tho anplo botnoon tho floe; direction and t o cono 
surface nay tx> considered ao the lialf fortes: onyle of a fictitious 
can©. 

riaximm flar deflection for an initial "'nch nurixr, as prodictoci l$r 
the Taylor-’ feocoll X’ioory, ic plotted in Pip. PC. Tho condition of 
tlio upper and lovaor portions of t'io cuoob mvo for each ?Uoi • , jp oof is 
presorted in Table VII# 

Taking first tlio lama* oaoek v»avo pattern at core anyle of attach 
rid increasing ‘ech nmboro, tho shock wave In a dotcio ‘ xxi olr.ructoriotico 
until a tech mnocr botvoon 1.506 and 1.057 is ravo’ed. t ccoo point 
’xsttTOcn throe tre aoh ninborc it acannoo attached c T rractori6tiee. 

This oyrood with the Taylor- Recoil Theory. Tho rocmlts aloe ayroo for 



0 



5° of u-’Ax.'ti . • C° u le of attack oorreopxvSi-y: to e ItlN 

vertox or ^lo of 41° i’t Ttiylcr-^t'.ccoll theory flvec as the nini'vn 
* v-c. i Car tu* (At j ic.'oc'. V ocf: r/c.va ‘ . if . brjxxinontal roo ilko 

Irtdiocte / cX ’c region In V c fla.v fiiolcl be hind tho Icr.T** nor’, ‘.on 
oi Vie shot.'. wt.vc at C° c \3lo of attack for >!fech mnbors ' ° * « "^7* 

The lower «orVij n .of Vo choc?. wivo at a ”aoh nitobar of X.DPf 'loos 

: !sivc a. eV>corde royionj thuc, it accnnco at^xiolied ohcruetorichlcG* 

A subsonic region, behind the lexw portion of tV oboe!: nwe, 'r ^ 
br.cii ninocr of 1.00C doco nod, appear *rfcil rn anylc of attach of 0° 
is roaa ? 'jod. The cubsonio ropier, 7 xvb. id the la or portion of the s-ioo> 
tjovg I'.cjoaoo with incT©e.Ginf: of attach. 

For a bach nmber of r#01 the conical ohork t-ioory prodio* a Vhnt 
chock detach irb will occ'ir at a ?ialf*7orto3E rn^lo of r Ticthin^ loss 
then 00°, corroQpond.l K \ to an anplo of attack of looc than 15°, a>- 

ewer, at or cuy lo or ( throb af 15° the s’ orf* wc rfcild h\C attached 
caruc ter la t ice • 

To aider in t <e \yjar shook, for* vb \c this fi iitiouo h&lf<rortcK 
p.: A a 1 c c or el dor of ao dceroacinp with anple of attack, errpcrinarital 
roe dti 1* diof/oo V :vt the sakocnio ro c lc~«, in. it i all j present, did 

.oi cUcxvpuc'x fer tho ra: x ;e of arnica of c.htr eh Invest lyntcd* T Vo^ tfw* 
co’i -cal o ock tlucory at cjii anplo of tf'Ad' of aprvorimtoly C° the cf'oolc 
l jo 1 ii." bee arc attached for Ur; ach :\TTh.^r ; for c^aidn-cVieru 



jj d rcr. 1' cro disr rn’ 9 ***:;: ov \ t v* - - 

wVo’ oca ?i*s hctrcxy. I'*'; tr> 'pr civ’ Vstjor xn"t A on r ^ V r -' -r\r 

-A r* loo of attar?*. ,T f ,c Cntoracf 1 1 nr c\ u ok t’ d ^*-7?°' •— v "* ^"’ / ‘" 

..'’hoodie rc lor *'<? t 'i*T 9 Che \iyjcz o ’w’ r.ivo Co hr ‘ ' so 

dol v tho di&'r^ofo^nco of Che B'y^n vXq ~c x hon V- * 4 t" r loorr 
r/ rc: novo as - O tingle of c^taclr ic *r»rror«od. 

7’ jo nr os ear q ncr.stirarantD for a dot&chod g.uv, at a tech nhor 
of 1. < # wore roduerd to hr for-a n & /' 0 * 5 p • 

C’o roo«rvolr proec^c? ho? ind thr n?:co v ^rav at* C’o • oc*> of >c c\> '<n. 
Prose z’c ''tfr.scormn xrt« were tenon on both '-imr and lo—or s rsf .0 v 
C° a-yl lf c r— 1«*> ©f attaclr. 

T^o nXets at constant ^fcnh n ■rf'er m. 1 v°r inn an la cf rhtc.c“ 9 
for .f leh the shoe?: arc dafcnohr/% i-dicato that c ’hs-Tdc 

£0” ■* N o.dnd the shod: irave is docroaood with ar^la of at tad:. 



>o fol!arin.j coiicl'-ioionc can bo dram fren the rocnXto of thin 



irvccti titians 



X. i t an£lo of attach there in a definite interaction 
betaroon the upper aid lessor rxsrtionc of the a' och wvc. 

£• Tno shock vravo If initially attacked to tbo oono rernin- 



od attached ora *, with tlx* appearance) of niirod flor.' 'xfiind t!.\© shock, 
for the ranee of anploo of attack tooted* 
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